The chemical composition of Cirsium vulgare flower heads was examined. Petrol and chloroform extracts of this plant material were analyzed by GC-MS for the presence of fatty acids, phytosterols, and triterpenes. Diethyl ether, ethyl acetate, and butanol fractions of the methanolic extract were subjected to multistep chromatographic separations, and as a result, fourteen flavonoids were obtained (1-14). All compounds were isolated from this morphological part for the first time and eleven from the plant. Among the identified components were four aglycones, eight glycosides, and two glycoside esters, derivatives of apigenin, luteolin, kaemferol, and quercetin. One of them was a rarely occurring compound apigenin 7-O-β-(6ʺ-butyl)-glucuronide) (14). Total flavonoid content and antioxidant activity were determined in the various fractions of methanolic extract.
TLC analysis showed the presence of several still not recognized flavonoid compounds in the flower heads of C. vulgare. The subject of this paper is the chemical composition of inflorescences and determination of the antioxidant activity of the various fractions using two different methods.
In petrol and chloroform extracts, fatty acids as methyl esters (FAME), phytosterols, and triterpenes were identified and quantified with GC and GC-MS methods. The results are presented in Tables 1 and 2, respectively. The total content of fatty acids in both extracts equaled 58.1 mg/g, with palmitic acid predominating. The total content of phytosterols and triterpenes was 122.4 mg/g and 204.7 mg/g, respectively, with β-sitostrerol and lupeol dominant.
Column chromatography proved to be sufficiently effective in isolating fourteen flavonoids from the diethyl ether (DE), ethyl acetate (EA) and butanol (Bu) fractions. The structures of the obtained compounds were elucidated on the basis of spectroscopic (UV, 1 H, 13 C NMR) and ESI-MS data, and by comparison with In the DE, EA, and Bu fractions of the methanolic extract, the content of total flavonoids was expressed as mg of catechin equivalents in one g of dry fraction. We obtained lower values than in the previous work, which used fresh material [3a] . It suggests that the process of extraction was not exhaustive.
The DPPH free radical scavenging activity and inhibition of lipid peroxidation of the various fractions were established. Among the examined fractions, the DE fraction had the highest total flavonoid content and antiradical activity. Similarly, in previous work this fraction showed the highest total antioxidant status, which was correlated with total phenol content [2b]. The capacity of the fractions to protect against lipid peroxidation was determined in the β-carotene linoleate system. All the fractions showed similar activity, comparable with that of vitamin E (Table 3) . Flavonoids are wide-spread in the Cirsium genus and are its chemotaxonomic marker (5a,5b) . As our previous papers showed, differences in the qualitative and quantitative composition between inflorescences and leaves are observed [3a,5c,5d] . We noticed the same in C. vulgare. From the fourteen compounds determined in flower heads, only three of them (9, 10 and 12) were identified in leaves [3c]. Afzelin (1) 
Fatty acid methyl esters (FAME) preparation:
One hundred mg of either petrol or chloroform extract was heated with 3 mL of 2% NaOH (methanolic solution) under reflux. After alkaline hydrolysis, 3 mL of anhydrous 14% boron trifluoride in methanol was added. Samples were heated for 30 min in a water bath under reflux, and then 4 mL of n-heptane and 10 μL ethyl oleate (inner standard) were added. After that, the solution was cooled and 5 mL of a saturated solution of NaCl was added. Two mL of the heptane solution was placed in a screw-capped tube and dried with anhydrous MgSO 4 ; this solution was analyzed by GC-MS.
Phytosterols sample preparation:
According to Thanh et al. [7] , 100 mg of either petrol or chloroform extract was heated for 2 h under reflux with 3 Ml of 2 % NaOH (methanolic solution) and 100 μL of cholesterol in n-hexane (inner standard). The mixture was cooled and 5 mL of a saturated solution of NaCl and 4 mL of heptane were added. After shaking, 1 mL of the organic layer was placed in a screw-capped tube and 150 μL of BSTFA was added. After 30 min. GC-MS analysis was performed.
Fatty acids and phytosterols analysis:
GC and GC-MS analysis of fatty acids and phytosterols were performed on a Trace GC Ultra coupled with a DSQ mass spectrometr (Thermo electron).
Operating conditions for fatty acid methyl esters (FAME): capillary column Stabilewax-DA (30 m x 0.32 mm, film thickness 0.25 µm); temperature program 50ºC (1 min) -245ºC (30 min) at 4ºC/min; injector and detector temperatures 280ºC and 300ºC, respectively; scan 33-550 amu; carrier gas helium with a flow rate of 0.8 mL/min, split 1:12.
Operating conditions for phytosterols: capillary column Rtx-1MS (60 m x 0.25 mm, film thickness 0.25 μm), temperature program Chemical composition of Cirsium vulgare flower heads Natural Product Communications Vol. 12 (4) 2017 521 60ºC (0.5min) -300ºC (30min) at 4 ºC/min; injector and detector temperatures 280ºC and 300ºC, respectively; carrier gas helium with a flow rate of 1.5 mL/min.
The fatty acids were determined as FAME, and the phytosterols were analyzed, after saponification. Their mass spectra were compared with those of the computer libraries: NIST 2011 and Wiley Registry of Mass Spectral Data 8 th edition, and their retention times compared with standard data.
Total flavonoid content: The total flavonoid content was determined in DE, EA and Bu fractions according to the colorimetric assay described by Tomaino et al. [8] . 30 μL of 5% NaNO 2 was added to 50 μL of the methanolic solution of the appropriate crude fraction (concentration 1 mg/mL) diluted with distilled water to a final volume of 500 μL. After 5 min 60 μL of 10% AlCl 3 , and next after 6 min 200 μL of 1 M NaOH and 210 μL of distilled water were added. The absorbance was measured at 510 nm against the blank. The total flavonoid content was expressed as mg of catechin equivalents in one g of dry extract against the calibration curve of (+)-catechin, from 0.01 to 1 mg/mL.
Antioxidant activity Scavenging of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical:
The measure of the free radical scavenging properties of fractions of the methanolic extract from C. vulgare flower heads was determined using the method described by Brand-Williams et al. [9a] , with small modifications. 2.5 mL of 6 × 10 -5 mol/L methanol DPPH• solution was added to 0.07 mL of a methanol solution of the fraction (1 mg/mL). The absorbance was measured after 30 min at 517 nm. The percentage inhibition of free radical was calculated from:
where is the absorbance of the blank and is the absorbance of the fraction solution. Caffeic acid, 1 mg/mL, was used as a positive control.
Inhibition of lipid peroxidation:
The ability to inhibit lipid peroxidation was determined in the β-carotene bleaching assay [9b]. An emulsion of β-carotene and linoleic acid was prepared in a round-bottom flask by placing into it 3 mL of β-carotene solution in chloroform (1 mg/10 mL), 40 mg of linoleic acid and 400 mg of Tween 40. Then, the chloroform was evaporated under vacuum and 100 mL of ultrapure oxygenated water was added and shaken well. Initial absorbance of the emulsion was measured at 470 nm. An aliquot of 3 mL of emulsion was mixed with 100 μL of the fraction solution (concentration 1 mg/mL). The samples were then subjected to thermal autoxidation in a water bath at 50ºC for 1 h. Vitamin E (α-tocopherol acetate, Medana Pharma, Poland) in a concentration of 1 mg/mL was used as the reference antioxidant. The inhibition of lipid peroxidation (LPI %) was calculated by the following equations:
where and are absorbance of the emulsion before and 1 h after incubation, and and are bleaching rates of the sample and negative control, respectively.
Statistical analysis:
All experimental measurements were carried out in triplicate and are expressed as an average of three analyses ± standard deviation.
